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© Production of aqueous based fluoro-polymer compositions. 

© Production of an aqueous-based composition comprising a fluoropolymer and a vinyl copolymer by (1) 
preparing a non-aqueous solution of a fluoropolymer comprising repeat units derived from at least one 
fluorolefine and repeat units bearing chain-pendant disperser groups imparting water-emulsifiability or water- 
solubility to the fluoropolymer; (2) converting the non-aqueous solution formed in step (1) into an aqueous-based 
emulsion or solution of said fluoropolymer; and (3) polymerising at least one vinyl monomer to form a vinyl 
polymer in the presence of said aqueous-based emulsion or solution from step (2). 
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The present invention relates to a process for the preparation of certain aqueous- based compositions 
containing certain fluoropolymers and vinyl polymers, and to the compositions so produced. 

7 s known to employ aqueous-based dispersions of various fluoropolymers (by which we mean 
it is Known way y h -nnoivmers ea homo- and copolymers of fluoroolefmes such as 
tSZZSSZ SLSLSSS^ vinVene fluoride) as'thl basis for the provision of coatings 

s atn'SSancrSd^peiance. Such desirable properties stem from the well- known chemicai solvent 
2 thS resistance weatherability, low friction characteristics, good mechanical properties and water 
^^dT^Sn»lym« themselves. However, coatings derived from such dis persions mostly 
P bakina at elevated temperatures when being prepared in order that they should be coherent 
b Lse o he he enf cfysfaHiSty of most types of commonly employed fluoropolymers) so that t e, use 
is resected to locations where heating equipment is available or its use practicable. Moreover. 

comoirSon w?h S c polymers in order to achieve coherent fi.m-formabi.fty at ambient temperatures; his 
IZ h2 toe attraction of providing a cheaper coating material (most acrylic polymers being much less 
Z^X^ZVl^)- examp.e, US Patent 4141873 disc.oses aqueous-based dispersions 
comSg a fixture of a vinylidene fluoride polymer and an acrylic polymer said to be film-formabe at 
comprising a ™* Neve rtheless it is stated therein that coherent films cannot be prepared from such 
«mo 0 si«o2 ^S^SSSm unless they contain at least 25% by weight (of the total polymer 
ZZTkX&Z^™*. most other fluoropolymers are peony thermodynamic^ compatib e 
wfth acrvic polymers so that coherent films cannot generally be formed from aqueous dispersions 
Z^T^e to Zes of polymer unless elevated baking temperatures are employed (good thermody- 
n^rcomoatiSitv in this context is taken to mean the situation where there is intimate mixing of the 
Z^SX^^S^ ^ the molecular level). This has the added disadvantage that transparent 
rrS^aSy be obtained on ambient or low - temperature application should these be desired^ 

v!Tfi ™ dteoovered how to prepare aqueous-based compositions of fluoropolymers and vinyl 
polymers in general (i.e not merely acrylic polymers, although these are preferred) in which the 
30 SuoC turner and vinyl polymers are in extremely intimate admixture in the composition (,n comparison 
admS achieved by simple latex blending) irrespective of whether the two types of polymer are 
fhelTdvnaSly compatible (they may or may not be compatible) and irrespective of the level of vmyl 
STS ThrSSolymer types employed can vary over a wide range of basic composition (and in 
^Sv^X^toZtZe fluoride homo-and copolymers). Many of these compositions yield 
35 SSS \Z coat ng under ambient or low temperature (e.g. up to 60 C) application eondftm which 
TosSs advantageous attributes derived from the fluoropolymer component (as discussed above) at lower 
co?such Zs may be transparent if desired (by (by employing appropriate formulations i.e. not including 
opadS mTterSs) Moreover, the new process allows a very precise control over the polymer m.crostruc- 

* ^'''According to the present invention there is provided a process for preparing an aqueous-based 

comoosition comprising a fluoropolymer and a vinyl polymer which process comprises:- 

compos Jon co p g ^ ^ ^ ^ un)ts A derived from at 

.east one fluorooLe and repeat units B bearing chain-pendant disperser groups imparting water- 
pmiiisifiabilitv or water-solubility to the fluoropolymer; 
45 iT^^m the non-aqueous solution of said fluoropolymer formed in step (1) into an aqueous- 

haspd emulsion or solution of said fluoropolymer; and 

( 3 rpo'ymerising at least one vinyl monomer to form a vinyl polymer in the presence of sa,d aqueous- 
based emulsion or solution from step (2). 

in the composition produced by the process of the invention (effectively an aqueous polymer latex 
.crnoo L alough non-aqueous solvent materia, employed during its preparation may st I be i present , 
n 0 rSequently removed) it is believed that the fluoropolymer and vinyl polymer are intimately admixed in 
the aqueous based compo ition either (in the case of a fluoropolymer emulsion being formed in step (2)) by 
"rtue oH ^st some (and perhaps substantially all) of the vinyl monomer(s) employed for the vinyl 
pSmer slnt step (3 becoming absorbed within and/or on the fluoropolymer partic.es dunng poly- 
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merisation or (in the case of a fluoropolymer solution being formed in step (2)) by virtue of the solubilized 
fluoropolymer molecules acting as an emulsifying agent in the polymerising vinyl monomer/polymer 
mixture; it is also possible (we believe) that both mechanisms could operate at the same time (depending 
on the degree of water solubility of the fluoropolymer, in turn dependent on the concentration of disperser 

5 groups present in the fluoropolymer). In this way at least some (and perhaps substantially all) of the 
polymerisation of the vinyl monomer(s) to the vinyl polymer takes place in extremely close proximity to the 
fluoropolymer molecules irrespective of the inherent thermodynamic compatibility of the fluoropolymer and 
vinyl polymer. In a sense, therefore, intimate admixture is forced on the fluoropolymer and vinyl polymer. It 
can also be appreciated that the process of the invention allows very good control of the locus of 

io polymerisation, and hence close control of the type of polymer microstructure, to be achieved. For example, 
polymerisation of the vinyl monomer soley in the aqueous phase, or within the fluoropolymer particles 
themselves, or in intermediate polymerisation loci, can be achieved. 

The fluoropolymer comprising repeat units A derived from at least one fiuoroolefine and repeat units B 
bearing chain-pendant disperser groups is, for example, prepared as follows. A free-radical addition 

is copolymerisation of at least one fiuoroolefine and at least one olefinicaily unsaturated comonomer (which is 
copolymerisable with the fiuoroolefine (s)) having at least one functional group is carried out (optionally with 
other comonomer (s)) to yield a precursor copolymer having units of the fluoroolefine(s) and also units 
having the functional group(s). (By a functional group in this context is meant a pendant reactive group 
which can be subsequently converted by one or more reactions to a disperser group). Suitable precursor 

20 fluoropolymers of this type may be available commercially so that it may not be necessary to perform this 
polymerisation oneself. At least some of the chain-pendant functional groups of the precursor copolymer are 
then converted by one or more reactions (as necessary) to disperser groups which as defined above can 
impart water-emulsifiability or water-solubility to the fluoropolymer (repeat units having such chain-pendant 
disperser groups are herein termed units B), this usually being done with the copolymer in non-aqueous 

25 solution. Suitable functional groups for incorporation into the precursor copolymer are e.g. hydroxy!, amino; 
and epoxy groups; however hydroxyl groups are particularly preferred. 

It is also possible to directly, form a fluoropolymer comprising repeat units derived from at least one 
fiuoroolefine (units A) and repeat units B bearing chain-pendant disperser groups without the need to first 
form a precursor copolymer. This can be achieved by the copolymerisation of at least one olefinicaily 

30 unsaturated comonomer which already bears a disperser group(s) or a group that can then be converted to 
a disperser group(s) merely by neutralization (eg. with base or acid). An example of such a fluoropolymer 
would be one comprising repeat units derived from at least one fiuoroolefine and at least one olefinicaily 
unsaturated comonomer bearing a carboxylic acid group(s) whereby the pendant carboxyl groups in the 
resulting fluoropolymer could be converted to carboxylate anion disperser groups merely by neutralization 

35 with a base. 

It is to be understood that the fluoropolymer may also (optionally) contain repeat units C derived from 
one or more ethylenically unsaturated monomers which units are neither derived from a fiuoroolefine nor 
derived from a monomer which is functionalized to provide (ab initio or via further reaction) chain-pendant 
disperser groups. These units C e.g. may be incorporated by inclusion of such monomer(s) in the 
40 polymerisation to form the presursor copolymer. 

Typically the fluoropolymer of the composition made by the claimed process comprises 30-80 weight 
% of units A derived from said at least one fluorolefine, 1-20 weight % of units B bearing chain-pendant 
disperser groups, and 0-69 weight % of other units C (i.e. neither derived from a fiuoroolefine nor having 
pendant disperser groups). 

45 The at least one fluorolefine providing repeat units A is broadly defined as an olefine having at least one 
fluorine atom substituent; preferably the fiuoroolefine is a perhaloolefine in which all the hydrogen atoms of 
the olefine are substituted with fluorine atoms and optionally other halogen atoms. 

From the point of view of polymerisability and resulting polymer properties fluoroolefines having 2 or 3 
carbon atoms are preferable. 

so Examples of such fluoroolefines Include fluoroethylenes such as CF 2 =CF 2 , CHF = CF 2| CH2 = CF 2 , 
CH 2 =CHF, CC1F = CF 2 , CC1 2 =CF 2 . CC1F = CC1F, CHF = CC1 2 , CH 2 = CC1F, and CC1 2 =CC1F; and 
fluoropropylenes such as CF 3 CF = CF 2 , CF 3 CF = CHF, CF 3 CH = CF 2 , CF 3 CH = CH 2 , CF 3 CF = CHF, 
CHF 2 CH = CHF, and CF 3 CH = CH 2 . 

Of the fluoroethylenes and fluoropropylenes listed above tetrafluoroethylene (CF2 = CF 2 ), 
55 chlorotrifluoroethyiene (CCtF = CF 2 ), vinylidene fluoride (CH 2 =CF 2 ), and hexafluoropropylene 
(CF 2 = CFCF 3 ) are particularly preferred. 

The use of the above exemplified fluoroolefines either singly or in admixture is of course included within 
the scope of the present invention. 
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Examoles of suitable olefinically unsaturated comonomers bearing at least one functional group (for use 

in the prcp^or ToTa precursor copolymer) which are copolymerisable with f.uoroo.ef,nes are hydroxy or 

amino vinyl ethers of formula: 
« 2?« R^R? STi?* may be independently H, alkyl (preferably of 1 to 5 carbon atoms) or halogen 

toreSi F'cVnis'atosLois OH or NH 2 . Usually R' = R*= R 3 = *- * s = H, Q is OH and n is 2 

to f Sample oi such vinyl ethers are 2-hydroxyethyl vinyl ether, 3-hydroxy(n)butyl vinyl ether. 44^- 

** 6th9r - ^V^penty. vinyl ether, and 6-hydroxy(n)hexyl 

vinyl ether. Other possible functional vinyl ethers include: 
ro 2.3-dihydroxypropyl vinyl ether; 

3-hydroxy-2,2-dimethylpropyl vinyl ether; 

2-methyl-2-hydroxymethyl-3-hydroxypropyl vinyl ether; 

2- ethyl-2-hydroxymethyl-3-hydroxypropyl vinyl ether; 

3- <hydroxymethyl)-5-hydroxypentyl vinyl ether; 

2.2-bis(hydroxymethyl)-3-hydroxypropyl vinyl ether; ,*...„, »» ho , 

i h«riroxvmethvl-4-vinyloxymethylcyclohexane;and 2-[2-hydroxyethoxylethyl v.nyl ether. 
"*SETS monomers for providing optional units C include: alkyl, aryl. or cyc.oalky. vinyl ethers (or 
tJXSZl Svles thereof) such as cyclohexyl vinyl ether, ethyl vinyl ether, n-propy. vinyl «m. 
n S^JviSer cyclopentyl vinyl ether, and phenyl vinyl ether; and vinyl esters (or the ; "uonnated 
rip^ivatives thereof) such as CH2 = CHOCOCH3 (vinyl acetate), CH 2 =CH0C0C(CH 3 )(C 2 H 5 )([CH 2 ].CH3) 
STSEKS^wSttW.! *" d CHa=CH0C0Ph (Ph is phenyl); and allyl or fluoroally. ethers of 
£^(Sfa^KXoff where # is an ally, or a fluoroally! group of 2 to 10 carbon atoms, such as 
TJuc^J^ oL possible monomers include alpha-olefines such as ethylene, propylene. 
Zw*TT*u™£. Such additional units may usefully be used to control the g.ass transition 

" Xem Tr,:ToZe?^ « 9— "V «-« «* addition po.ymer of one or more 

oiefinLl unsafu ated monomers other than a fluoropolymer as defined above. The vinyl polymer 
cotoonent 0 Te aqueous dispersion may be formed by the homo- or copolymerisat,on of any suitable 
Zc^tZSroleM^ unaturated compound (or mixture thereof). Thus, there may be men- 
v, fnned Ldrocarbon monomers e.g. butadiene, isoprene. styrene, and divinyl benzene: acryhc and subst.- 
uted wTZZn™ e.g. alkyl acrylates. alky, methacrylates. acrylamide, methacrylamide and ac- 
^-, r ?i IvT hSs e o vinyl chloride; vinylidene halides. e.g. vinylidene chloride; vinyl esters: vinyl 
^ 1, liStZlit!^ -nyl compounds. Multi-functional monomers such as diallyl phthalate 

ijsnLS^^^ be inc,uaed as ^° n ° mers - Tne vinyi p ° ,ymer is particu,ari , y an acry,,c 

35 potm SSSSf a nomo-or copo.ymeric acrylic po.ymer derived from at least one aery lie —e 
I IhTfnrmMia rH,-CR 7 C00R 8 where R 7 is H or methyl and R a is alkyl or cycloalkyl of 1 to 20 
£5 So m Ce pr ferably 1 to 6 carbon atoms). Examples of these are, for instance, methyl acrylate, 
mS memacSaS ethyl acrylate. ethyl methacrylate, and n-butyi acrylate; where the acryhc polymer ,s a 
^Ipf Z ^omonomer(s) may be another acrylic monomer (e.g. as exemplified above) and/or a non- 
P T ^'nll r suc^ asTvrene The vinyl polymer is optionally cross-linkable. Such cross-linkability .n 
40 S^nyTSmer may be Sed for example" by including polymerised units of at least one functiona, 
inThe ooiymer, such as for instance hydroxyethyl - methacrylate. glycidyl methacrylate. ac- 
ZmST and ^*£££. If such a functional monomer is vinylic in nature, it may constitute the sole 
Zc^erfZ ZZ polymer; more usually however it is a comonomer em P .oyed with a nonfunctional 
vinvlic monomer(s) (particularly one or more of those described above). 

The cS-pendant disperser groups of the fluoropolymer may be ion.c (usually an.on,c) and/or non- 
ionic in nature and may be introduced by any suitable technique. 

P eferab y the disperser groups comprise anionic groups and typically ac-d salt groups such as 
carbonate By dispeLr groups we mean groups that will cause the fluoropolymer to become weH 
d5Sd in an aqueous medium when incorporated into such a medium. By dispersed we mean that the 
disperse* an aqueu aqueous solution. When emulsified, the fluoropolymer 

S^^i^^t^^ -age particle size of >1 to 10 microns) to colloid, size 
part.ciescan range to h « microns) . whet her or not a fluoropolymer is likely to become 
SSI sSed in Aqueous medium III. depend on the .eve. and type of disperser groups in 

55 ^ oTKred method for introducing anionic carboxy.ate salt disperser groups is that based on a 
process described Tn US Patent 4487893 for producing carboxy. group-containing fluoropolymers. Using 
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such a method, a non-aqueous solution of a precursor copolymer comprising units of at least one 
fluorolefine and units of a hydroxyl-functional comonomer providing chain-pendant hydroxyl groups is 
reacted with a dibasic acid anhydride of formula 



10 C 



where M is a divalent organic group whereby at least part of the chain-pendant hydroxyl groups are 
75 converted to chain-pendant carboxylic acid-containing groups of formula 

o 

-0- C-M-CO2H 

where M is as defined above. The solvent (or solvent mixture) at this stage should be selected taking into 
20 account the solubilities of the fluoropolymer and dibasic anhydride used (this of course applies generally 
when undertaking any conversion of a functional group in a precursor polymer to a disperser group; i.e. the 
solubilities of the fluoropolymer and the converting reagent should be taken in account when selecting the 
solvent). Suitable solvents include aromatic liquids with boiling point above 100* C such as xylene and 
toluene. Water-miscible (lower boiling) solvents such as acetone may. however, be used in some cir- 
25 cumstances. As the dibasic anhydride there may be mentioned succinic anhydride, glutaric anhydride, 
itaconic anhydride, adipic anhydride, 1 ,2-cyclohexanoic dicarboxylic acid anhydride, cis-4-cyclohexane-1,2- 
dicarboxylic acid anhydride, phthalic anhydride, 1 , 8-naphthaJic anhydride and maleic anhydride. In view of 
their reactivity, non-aromatic carboxylic anhydrides are preferred. Particularly preferred are those in which 
M is an alkylene group having from 2 to 8 carbon atoms, such as -CH 2 CH 2 -. 
30 The degree of conversion of the hydroxyl groups to 
cp 

-0- C -M-COgH groups may deliberately be made partial or complete depending on the degree of colloidal 
dispersability required in the final fluoropolymer (by employing sufficient of the anhydride to react with 
some or with all of the hydroxyl groups; ail the anhydride used will be consumed provided an excess is not 
35 present). Generally speaking the CO2H equivalent weight in the fluoropolymer should be in the range 500 to 
2500gmole~\ 

The solvent medium of the solution of fluoropolymer (containing pendant carboxyl groups) may at this 
point be replaced by a water-miscible solvent medium of appropriate hydrophilicity for the subsequent 
water-dispersion stage (step (2) of the process of the invention), if it is not already a solvent medium of 
40 appropriate hydrophilicty. Thus e.g. a xylene solvent medium may be replaced with a water-miscible solvent 
such as acetone. 

The next stage is the neutralization (in the non-aqueous solution) of the acidic carboxyl groups to form 
corresponding carboxylate salt groups - these being the anionic disperser groups in the fluoropolymer. 
Suitable neutralising agents include ammonia, tertiary amines such as triethylamine, and heterocyclic 

45 compounds such as pyrrole, pyridine or pyridazine. Preferably complete neutralization of the acid groups is 
effected, although less than complete neutralization can be employed provided the stability of the 
subsequently - formed aqueous dispersion of the fluoropolymer is not adversly affected. 

The non-aqueous solution of the fluoropolymer bearing chain-pendant disperser groups (which can be 
ionic or non-ionic as discussed above) from step (1) of the process of the invention is converted in step (2) 

50 into an aqueous-based emulsion or solution of said polymer. This may usually be accomplished by simply 
admixing (usually with agitation) a non-aqueous solution of the fluoropolymer with water. The solvent 
medium for this step (which may be a mixture of two or more organic liquids - although a single organic 
liquid can be used) provides appropriate solvent and diluent characteristics and is not necessarily the same 
as any solvent medium which might initially have been employed in step (1) (as e.g. when converting 

55 functional groups, in a precursor polymer to disperser groups). In particular it must possess sufficient 
hydrophilicity for the transition to an aqueous emulsion or solution (on the admixture with water) to be 
effected in a facile manner and with the provision of a final aqueous-based dispersion (i.e. after vinyl 
polymerisation in step (3)) of adequate long-term stability. Therefore, before the admixture with water, any 
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the initially employed solvent medium by evaporation 

(1> ' ™ M it mflV not be necessary to go through any solvent interchange at all in step (1). Thus one 

"*OT5£Sri*« -nafaHaa for U se ,. ff» non-^s « ™~p^«,I 
^* J T e+on /o\ whirh as exDlained supra, may be incorporated as part of step <-i),.nc.uae 

Bhl!. M 1 °LX»u £T« Co™ Sin of .ha flymen, affhough organic sotan, is * 
of ^"^^•T^'S^-S'Uroior particlea al mo and of stage (3) «... of iff. 

jrsrj^i^ssi - £r, see: ^ M ' m 10 rolcron - 

„*, non-one ST„= L P™«iso> sro afabl. for long prtod. of 
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amounts of external surfactants may be included in the dispersions (being incorporated e.g. in the vinyl 
polymerisation step or subsequent thereto). 

The fluoropolymer and/or the vinyl polymer may optionally possess the facility (by the inclusion of 
appropriate functionalities therein, and ensuring an appropriate locus for the vinyl polymerisation as 

5 explained supra) for enabling a certain proportion of graft polymerisation to occur between the polymers 
during the vinyl polymerisation. In the case of the fluoropolymer this may e.g. be realized by employing 
appropriate functionalised monomer(s) which provide part of the other units C in the fluoropolymer. 
Similarly, one or more of the vinyl monomers may be appropriately funtionalised to provide this facility. 
The fluoropolymer and/or the vinyl polymer may also optionally posses the facility (by the inclusion of 

iq appropriate functionalities therein) for imparting cross-linkability to the resulting polymer dispersion accord- 
ing to the invention. 

It is believed that, in effect, the fluoropolymer in the aqueous-based dispersion from step (2) of the 
process of the invention acts as surfactant-free seed particles for the subsequent vinyl polymerisation 
and/or as water-soluble emulsifying molecules acting at the surface of the vinyl monomer/vinyl polymer 

15 system undergoing polymerisation. In either case an extremely intimate mixture of the two polymers results. 
Such an aqueous composition has significantly improved properties, particularly in comparison to aqeuous 
dispersion blends of fluoropolymers and vinyl polymers in which the polymers are inherently ther- 
modynamically incompatible (as is usually the case). Thus unlike simple blends which may separate and 
form hazy films when used as coating compositions, the compositions of the present invention are highly 

20 resistant to separation and, as a result, many of them are able to form very clear films even at ambient or 
low temperatures (provided of course no opacifying additives are present). 

The weight ratio of fluoropolymer to vinyl polymer in the dispersion is suitably in the range from 99/1 to 
5/95, preferably 95/5 to 10/90, and particularly 90/10 to 15/85. 

The minimum film-forming temperature of the aqueous-based compositions of the invention may vary 

25 over a wide range, e.g. within the range -10 to 120* C (more usually 0 to 80* C). 

As mentioned above, precursor fluoropolymers having functional groups which are suitable for conver- 
sion into disperser groups (to provide fluoropolymers as used in the present invention) may be available 
commercially, in which case they may be purchased rather than prepared. However, they can be prepared 
if necessary by appropriate copolymerisation of at least one fiuorooiefine with at least one copolymerisable 

30 comomoner bearing an appropriate functional group (or groups). Such precursor fluoropolymers may be 
prepared by conventional polymerisation in aqueous emulsion, in aqueous suspension, in solution or in bulk. 
Polymerisation is usually carried out in the temperature range -20 to 180* C, more usually 80 to 150* C, 
under a pressure usually in the range 1 to 50 Kg/Cm 2 . A free- radical yielding initiator is normally employed, 
for example an organic peroxide, azo compound, or a redox initiator system comprising persulphate (as 

35 appropriate to the polymerisation medium). Optionally a chain transfer agent, for example methyl cyclohex- 
ane, may be used to control the molecular weight. The polymerisation medium may, for example, be water 
or an aqueous medium (in the case of emulsion or suspension polymerisation) or an appropriate organic 
solvent (in the case of solution polymerisation). Emulsion polymerisation is normally performed in the 
presence of a surfactant(s) as emulsifier. 

40 For the conversion of the precusor fluoropolymer to a fluoropolymer bearing chain-pendant disperser 
groups, the precursor polymer should be dissolved in a non-aqueous solvent medium. Consequently, the 
precursor fluoropolymer must be an organo-soluble material; some fluoropolymers will accordingly be 
unsuitable for this purpose and the selection of the comonomer(s) may be crucial to achieve solvent 
solubility. If the precursor polymer is prepared using an aqueous medium it should of course first be 

45 separated from the aqueous phase used in its preparation (in fact it is normally, before dissolution, a dry 
product separate from any medium used in its preparation - even if this is a non-aqueous solvent). This 
solvent medium initially employed (typically e.g. xylene or toluene) is often replaced by a more hydrophilic 
solvent medium prior to dispersion of the fiuorooiefine (bearing disperser groups) in water as described 
above. 

so The fluoropolymer used in the composition invention usually has a number average molecular weight 
Mn within the range 500 to 300,000 (more usually 1000 to 150,000). The vinyl polymer usually has Mn 
within the range 1000 to 500,000. 

The aqueous-based composition produced by the process of the invention may also include, or be 
subsequently formulated with, various other ingredients. For example, it may if desired include, or 

55 subsequently be formulated with, ingredients commonly employed in film-forming coating formulations, 
such as defoamers, rheology control agents, thickeners, dispersing and stabilizing agents (usually surfac- 
tants), wetting agents, fillers, extenders, fungicides, coalescing solvents, plasticisers. anti-freeze agents, and 
pigments. The composition of the invention may also if desired contain, or be subsequently formulated with. 
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one or more other type of polymer (i.e. polymer other than that used in stages (1). (2) and 3) as defined 
above Tuch an other type of polymer could e.g. be a condensation polymer such as a polyurethane an 
epoxy p^TorT^Lr. For some applications, it is envisaged that the composition will be nn the ; form 
of or wS subsequently be used in a formulation to provide, a paint, and will therefore .nclude matenals 
commonly emptoJS in paint formulations, such as pigments and other ingredients where appropriate 
(extenders, stabilisers, thickeners, coalescing solvents, defoamers. surfactants, and so on). 

Ttofliwpolyiner compositions of the present invention may be used for coating substrate s and can 
be applied in the same manner as any ordinary liquid coating materials to the surface £ a 
as metal, wood, plastics, ceramic, paper or glass. Any suitable coating method may be used, e.g. brash, 
spray 7c lie or dipping. Coherent film formation may often be achievable by employing ambient tempera- 
SfappSon conditions although sometimes low temperature heating (e.g. up to 60 C) may be requ.red 
Th! f?m coatings from the fluoropolymer compositions of the invention are of h.gh quality, havng the 
Ixcellent pSL imparted by the fluoropolymer component as we., as good gloss and (if appropnate.y 

f0I lteveZZZL is now i.lustrated by the fo.lowing example, Un.ess otherwise specified ail parts 
and percentages are on a weight basis. 
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EXAMPLE 1 

A commercially available functional ised fluoropolymer, 'Lumifion' LF916 (Asahi Glass), having hydroxy! 
and c^ was employed as a precursor polymer. This polymer Is ™™<^«™J™ 

units of chlorotrifluoroethylene and certain other vinyl ether compounds. The exact composrfcon of this 
copolymer was not indicated although the respective functionality contributions were as follows: 
OH = 58 mg KOH : OH eq.wt = 967.2 
rn?H = 7 ma KOH : C02H eq.wt = 8014 

Approximately 50% of hydroxy, groups in the precursor polymer were converted to anionic chain- 
oendant d^erser groups as follows. The precursor polymer was provided as a 65% w'w solution ,n xylene 
Z 100 g ouSs solution, together with further xylene (50g). was charged to a stirred vessel under nitrogea 
The contents of the vessel were heated (with agitation) to 110 C and succin.c anhydnde , (3 36 g) added 
alone Z h toethylbenzoyl ammonium bromide (0.168 g; 5% on succinic anhydride). After 25 minutes at this 
ZpvZt TJ <eac«ol was complete (as noted by infra-red spectroscopy applied to small samples taken . 
peTioSX). Half of the pendant hydroxy, groups were therefore converted to chain-pendant groups of 
formula 

O 

-O- C-CH 2 CH 2 -C0 2 H . 

ThA xvlene was removed by rotary evaporation (50 C, 6.5 m Bar). 

7oSg Tme resulting resin were disso.ved in 1/1 acetone /n-buty. acry.ate solvent medium to give a 
resin/solvent weight ratio of 60/40 (0.03 g of Topanol' O. a hindered phenol antioxidant, bein .included I to 
S iseTe n-buty. acrylate). All the acid groups in the resin were then neutralized to carboxylate salt 
Sos by toe addition oTtrietoy. amine (4.552 g) to provide the anionic chain- P"*^^^ ^ 

An aqueous-based dispersion of this fluoropolymer was prepared by adding 65.37 g of the 
f.uorcpo.ymer solution to water (91.52 g) with stirring over 30 minutes; this resulted in a blue-tinged 
dispersion with the following properties: 



50 



55 



average particle size 
pH 

solids content (excluding butyl acrylate) 
Brookfield Viscosity (Spindle 3 Setting 12) 
Minimum Rim Forming Temperature 



0.091 micron 
8.67 

22.97% w/w 
150 centipoise 
<5"C 



A 50 50 w/w fluoropolymer'acrylic polymer aqueous-based dispersion according to the invention (the 
acr/Hc oo^mer being a methyl methacrylate,n-butyl acrylate copolymer: 66,34 weight-rat,o) was prepared 
Ts SoT 120 g of the above aqueous-based dispersion of fluoropolymer (containing 27.57 g fluoropolymer 
SdfS g n butyl acrylate) were charged to a stirred vessel and heated to 75 C. To the vessel was added 
£■ " * 0. 5% on monomer). A mixture of isoascorbic acid (8.27 g: 0.3% on 
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monomer; 1% aqueous solution) and water (31.73g), and methyl methacrylate {18.38 g; plus a drop of 
triethylamine) were then added dropwise over 30 minutes. The polymerisation was continued for about 30 
minutes and the system was sparged to removed acetone and any residual vinyl monomer. An extremely 
stable aqueous-based latex of the fluoropolymer and acrylic polymer resulted, with <1% coagulum being 
5 observed. The properties of the composition were: 



average particle size 


0.049 micron 


PH 


8.04 


solids content 


31.2% w/w 


% monomer conversion 


100% 


Brookfield Viscosity (Spindle 3 Setting 12) 


<100 cps 


Minimum Rim Forming Temperature 


21 .4* C 



j s Clear films were cast from this emulsion of small particle size. 



EXAMPLE 2 

20 To a reaction vessel was charged 1421g of 'Lumiflon' LF916 (stripped of xylene) and 948g of acetone. 
Dissolution of the precursor polymer in the acetone to give a 60% w/w solution was carried out by heating 
to 50* C under mild agitation. The vessel contents were then heated to 60* C under nitrogen, and succinic 
anhydride (75.53g) and triethyl benzoyl ammonium bromide (3.68g) added. After 3 hours at this temperature 
the reaction was complete (as noted by infra-red spectroscopy applied to periodically taken samples), 

25 whereby half the pendant hydroxyl groups were converted to chain-pendent groups of formula 

O 

-O- C-CH2CH2-CO2H 

Triethylamine (74.35g) was added to the acetone solution to neutralize the available carboxyl groups to 
30 carboxylate salt disperser groups. After 30 minutes, the neutralized polymer solution was added to water 
(4000g) over a 1 hour period with stirring. The acetone was then removed to yield a translucent dispersion 
of the polymer in water having the following properties: 



35 



average particle size 


0.025 micron 


PH 


8.0 


Solids content 


26.82% w/w 


Minimum Rim Forming Temperature 


16°C 



A 50/50 w/w fluoropolymer/acrylic polymer aqueous dispersion according to the invention (the acrylic 
polymer being a methyl methacrylate/n-butyl acrylate copolymer; 80/20 weight-ratio) was prepared as 
follows. 1 50g of the above aqueous-based dispersion of fluoropolymer were charged to a stirred vessel and 
heated to 76 "C. To the vessel was added t-butylhydroperoxide (0.20g; 0.5% on monomer). A mixture of 
isoascorbic acid (4.02g; 0.3% on monomer; 1% aqueous solution) and water (95g). and methyl methacrylate 
(32.1 8g) and n-butyl acrylate (8.05g) (plus a drop of triethylamine) were separately added dropwise over 30 
minutes. The polymerisation was continued for about 30 minutes after which the vessel was cooled to room 
temperature. A stable fluoropolymer/acrylic polymer dispersion resulted having <1% coagulum. The 
properties of the composition were: 



average particle size 


0.040 micron 


PH 


8.6 


Solids content 


27.5% w/w 


% monomer conversion 


98% 


Minimum Film Forming Temperature 


35' C 



Films were cast from this composition (drying 100 # C/3 minutes) and had the following properties shown 
below. The properties of films cast from (a) a blend of the precursor fluoropolymer xylene solution and a 
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TO 



15 



Composition of 
Example No. 


Film 
Clarity 


60* Gloss Retention (1000 hours | 
QUV accelerated weathering tester") 


2 

C3 
C4 


Clear 

Opaque 

Clear 


90% 
65% 
30% 



Claims 

, . Process .or M « « aweoos-Pased oomposioor, conrprtslng a iiuorcpoiyme. and a vinyl 

2 o polymer which process 'W*" mwopolynw comprising repeal units A cteriv»d from at 

, as , SZS " VST^Uq disperser groups imparl ~t- 

M B8Se * StlSSStTi! [SEEK M a « PPiynre, ,o » peases o, * W ons- 
based emulsion or solution from step (2). 

2 Process according to claim 1 wherein said fluoropolymer used in step (1) has ^" derived from a 

fluoxetine and repeat units derived from at least . means of convert ing at least a 

^t:^ * — — - 

Sr °Tpro e c r :ss SSSrKTa wherein said chain-pendant functional groups of the precursor polymer 
"r^J^^CS^^ Cairns .herein said dispenser groups comprise 

9 Tp^acS^ toctm 4 wherein said anionic groups are carboxy.ate salt groups. 

6 PrSse Sng to Cairn 5 wherein said carboxy.ate salt disperser groups are provded ,n step (1) 

0 

M /C \ 
0 



30 



35 



40 



45 



55 



.here M is a divalent organic group, whereby at least a proportion o, the chain-pendant hydroxy! groups 
are converted to chain-pendant carboxylic acid-containing groups of formula. 
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f? 

-O C -M-CO2H 

where M is a defined supra; 

(b) replacing the solvent employed in step (a), if necessary, with a water-mi scible non-aqueous 
solvent-medium; and 

5 (c) neutralising at least a proportion of the carboxyl groups to form corresponding carboxylate salt 

groups. 

7. Process according to claim 6, wherein the non-aqueous solvent medium used in step (a) is itself 
water-miscible and the replacement step (b) is not employed. 
10 8. Process according to any one of the preceding claims wherein said disperser groups comprise 
groups which are non-ionic in nature. 

9. Process according to any one of the preceding claims wherein the conversion in step (2) is effected 
by admixing a non-aqueous solution of said fluoropolymer with water. 

10. Process according to to claim 9 wherein the non-aqueous solvent medium employed for said 
is admixture is the non-aqueous solvent medium resulting from step (1). 

11. Process according to any one of the preceding claims wherein a non-aqueous solvent medium is 
employed for the formation of an aqueous-based emulsion or solution in step (2) which comprises at least 
one water-miscible solvent selected from acetone, methyl ethyl ketone, cyclohexanone, methanol, ethanol, 
isopropanol, n-propanol, t-butanol, n-butanol, dimethylcarbinol, tetrahydrofuran, dimethyl formamide, 

20 dimethylacetamide. and N-methyl pyrollidone. 

12. Process according to any one of the preceding claims wherein a non-aqueous solvent medium is 
employed for the formation of an aqueous-based emulsion or solution in step (2) which comprises at least 
one vinyl monomer to be polymerised in step (3). 

13. Process according to any one of the preceding claims wherein said fluoropolymer comprises repeat 
25 units C derived from at least one olefinically unsaturated monomer which units are neither derived from a 

fluorolefine nor derived from a monomer which is functionalised to provide (ab initio as via further reaction) 
chain-pendant disperser groups. 

14. Process according to any one of the preceding claims wherein said at least one fluorolefine 
providing repeat units A is selected from at least one of tetrafluoroethylene, chlorotrifluorethylene.vinylidene 

30 fluoride and hexafluoropropylene. 

15. Process according to any one of the preceding claims wherein said vinyl polymer formed in step (3) 
is an acrylic polymer. 

16. Process according to claim 15 wherein said acrylic polymer is a homo- or copolymeric acrylic 
polymer derived from at least one acrylic monomer of formula CH2 = CR 7 COOR 8 where R 7 is H or methyl, 

35 and R 8 is alkyl or cycloalkyl of 1 to 20 carbon atoms. 

17. Process according to any one of the preceding claims wherein the average particle size of the 
polymer particles formed in step (3) is within the range 0.01 to 5 microns. 

18. Process according to any one of the preceding claims wherein the weight ratio of fluoropolymer to 
vinyl polymer in said composition is within the range of from 99/1 to 5/95. 

40 19. An aqueous-based composition produced by a process according to any one of the preceding 
claims. 
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